The electronic emission spectrum of HfN has been observed in the near infrared using a Fourier transform spectrometer. HfN molecules were excited in a hafnium hollow cathode lamp operated with neon gas and a trace of nitrogen. The bands located near 5746, 5802, 6668, and 6715 cm 01 have been assigned as the 0-1, 1-2, 0-0, and 
INTRODUCTION
ied by DeVore et al. (41) but their results for TiN and ZrN have proved to be erroneous and the HfN results are also in doubt. Transition-metal-containing molecules are of theoretical
In general, the electronic spectra of transition metal ni-(1-4) and chemical (5-7) importance and their study protrides, particularly in the visible region, are expected to be vides important information needed for the characterization very complex because of a high density of states complicated of catalytic processes (6, 7) . The spectroscopic study of by high spin multiplicities and large spin-orbit intervals. these molecules also provides insight into chemical bonding These problems are the result of the large number of unpaired in simple metal-containing systems. Transition metal nitrides d electrons. Many of the electronic states and spin compomay also be of astrophysical importance since many transinents interact with each other causing extensive perturbation metal elements have been detected in atomic and molections. The infrared electronic transitions of transition metal ular form (oxides and hydrides) in the atmospheres of cool nitrides are expected to be relatively simple because of the M-and S-type stars (8) (9) (10) (11) (12) (13) . The study of simple transition smaller density of states at lower energies. metal nitrides might give information on the abundance of In the present paper we report on the discovery of an nitrogen in the atmospheres of cool stars. Experimental data infrared transition of HfN recorded by high-resolution Fouon transition metal nitrides are also necessary to test ab initio rier transform emission spectroscopy. HfN was made in a hafnium hollow cathode lamp which The infrared spectra of TiN, ZrN, and HfN have been stud-was prepared by inserting a 1-mm-thick cylindrical foil of hafnium metal into a 1 4 Љ hole in a copper block. The foil was tightly pressed against the inner wall to provide a close and In addition to the HfN bands, the observed spectra also contained Hf and Ne atomic lines as well as N 2 molecular lines. The spectra were calibrated using the measurements block. The emission from the lamp was observed with the 1-m Fourier transform spectrometer associated with the of Ne atomic lines made by Palmer and Engleman (44).
The with a line spacing appropriate for HfO or HfN. To identify The spectral line positions were extracted from the obthe carrier of these bands, a trace of O 2 was added instead served spectra using a data reduction program called PCof N 2 . The new bands disappeared entirely and the well-DECOMP developed by J. Brault. The peak positions were known bands of HfO (42) were seen instead. This experidetermined by fitting a Voigt lineshape function to each ment suggested that the new bands were due to HfN. Next spectral feature. The branches in the different sub-bands the 3000-9500 cm 01 region was examined and a group of were sorted using a color Loomis-Wood program running HfN bands appeared in between 5500 and 6800 cm 01 . Again on a PC computer. the carrier of these bands was confirmed by replacing N 2 The new infrared bands of HfN are located in the 5500-with O 2 and noting the appearance of the b 3 P-a 3 D transition of HfO (43) in the 6900-8000 cm 01 region. A partial pressure of about 4 to 6 mTorr of N 2 gave the most suitable HfN spectra since higher pressures of N 2 result in strong N 2 emission.
The spectra from 3500 to 26 000 cm 01 were recorded in three parts. The 3500-9200 cm 01 spectral region was recorded using InSb detectors and silicon filters with 10 scans co-added in about 70 min of integration. The 10 000-19 000 cm 01 region was recorded with red pass filters and silicon diode detectors while the 17 000-26 000 cm 01 region was recorded with CuSO 4 filters and silicon diode detectors. The spectrometer resolution was set at 0.02 cm 01 in all experiments. The bands in the 17 000-26 000 cm 01 region are very complex because of overlapping lines and extensive perturbations. Improved spectra will be recorded in the near future and in this paper we will report only on the infrared bands.
Copyright ᭧ 1997 by Academic Press Copyright ᭧ 1997 by Academic Press 6800 cm 01 region. The spectrum consists of four double-parameter g of the excited state is large compared to that headed bands with the higher wavenumber heads at 5746, in the lower state. This is a reflection of a strong interaction 5802, 6668, and 6715 cm 01 . Inspection of these bands at with a nearby 2 P state. The successful determination of high resolution indicates that each band consists of four higher order spin-rotation constants, g D and g H , for the branches, two R-type and two P-type. The lines of the bands excited state can also be attributed to these interactions. No with high wavenumber heads at 6668 and 6715 cm 01 do not local rotational perturbations have been found in any of the show any additional doubling at low J but the high J lines analyzed bands. become broad and are split into two components with in-
The rotational constants for the individual vibrational levcreasing J values. In the bands with the high wavenumber els of 178 HfN (Table 3 ) and 180 HfN (Table 4) have been heads at 5746 and 5802 cm 01 , the splitting is apparent even used to evaluate the equilibrium molecular constants for the for the lowest J lines. These four bands have been assigned two states (Table 5 Fig. 1. Figure 2 is HfN are expected to be split into 8 and 10 1.724652(28) and 1.7600229(80) Å , respectively. The obhyperfine components which would not be seen in our spec-served lower state r e value is similar in magnitude to that tra at the present resolution and signal-to-noise ratio. Some of HfO (48) (r e Å 1.723071 Å ). The equilibrium constants of the high J lines of the 0-0 band are presented in Fig. 3 
HfN have been measured and
The possibility that these new bands could arise from HfO used in separate rotational analyses. The assignment of the was considered, although the experimental and chemical evirotational lines in different bands was made using the tradidence does not support this assignment. The HfO molecule tional method of comparing the combination differences for has known electronic states of either singlet or triplet multithe common vibrational levels.
plicity. The observation of doubled R and P branches with The fit of the observed lines was obtained utilizing the a large spin splitting evident at low N values does not fit effective Hamiltonian of Brown et al. (45 
